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Volume average devices

APPLI- | MEASUREMENT ADVANTAGES LIMITATIONS
CATION METHOD
dry/wet test meter | high flow rate accuracy. low pressure
fuel (gas)  rotameter flexible, inexpensive cal. req.
metering orifice accurate, high flow rates, pressure drop
no_cal., fast response
electronic mass electrical readout, - expensive, cal. req.
flow meter accurate, flow control
bubble meter high accuracy, for cal. atm. pressure, low
flows
load cell/timer electrical readout,
fuel accurate, no cal.
(liquid) | turbine meter electrical readout cal. req.
rotameter flexible, inexpensive cal. req.
sight gauge simple, no cal., manual operation
inexpensive
coolant, | turbine meter electrical readout more expensive
suppres- | rotameter flexible, fail-safe
sant bucket/stop watch | inexpensive time average
NIST
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Resolution & Uncertainty of
Traditional Flow Meters

Spatial resolution: none, integrated across area
Time response: multiple seconds and slower
Uncertainty in flow:

5 % to 10 % (typical); <5 % with care

Measurement issues: time response (transient
operation only; e.g., flow of suppressant in pipe)
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Exhaust duct flows
| Bi-directional pitot probe:
' * measures AP upstream vs. downstream
 * relates point value to cross-stream average velocity
| » 0.1 to 1 s response time
Accuracy limited by:
. uncertainties in local properties
| » shape of velocity profile

| Estimated relative std. uncertainty in flow: >5 %
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Buoyancy-induced velocity
measurements for model validat

Door flows
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Smoke plume & fire detector flows

Full-scale

detector testing Measured velocity
profile
e * .~

Exhaust
Honeycomb
Test Section / Flow Straightener

Water
Variable Mist CO,CO5 pust
Speed Annular spray HC Gases Feeder
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Fire-emulator/detector evaluator
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Unconfined gas flow
measurement methods

OPERATING
PARAMETER DEVICE PRINCIPLE

single velocity bi-directional probe AP
component pitot tube AP

hot-wire anemometer AT

laser-Doppler anemometer (LDA) scattered light
speed + direction | wind anemometer aerodynamic forces
2-D velocity Cross-wire anemometer AT

2-D LDA scattered light

phase-Doppler particle analyzer scattered light

(PDPA)

particle imaging velocimeter (PIV) scattered light
2-D flow laser sheet visualization scattered light
3-D velocity triple-wire anemometer AT

3-D LDA scattered light
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PIV experimental setup

532 nm laser sheet

\-.-:/ Interrogation
PIVCCD \----{  region
camera [l
PIV light arm /. Turbulent Jet
Double cavity PIV
Nd:Yag laser
Air l
P1V particle seeder
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Resolution & Uncertainty of
Velocity Measurements

SPATIAL TIME TYPICAL
METHOD AREA RESOLUTION |RESPONSE | UNCERT.
hot wire point .1to1 mm <1 ms <2%
probe
LDA point .1to1 mm 1 msto10s <4 %
pressure point 1 to 10 mm Jtols <10 %
probe
wind point S0 mm Ss <20 %
anemometer
PIV 1x1cmto Stol mm 1/30 s <5%
3x.3m
particle 10x10 cm 1 to S mm 10mstols <10 %
tracking tolx1lm
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Droplet & sp

Halon replacement
discharges
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Droplet, particle flow measurement

* Buckets on floor (flow averaged over 10s of
seconds and 10s of cm?) $

* High speed movies/videos (2-D projection of

flow, non-quantitative, insightful) $

LDA (1, 2 or 3 velocity components at point) $$
PDPA (LDA plus size) $$$

PIV (2-D velocity vectors over area) $$$
Particle Tracking (2-D velocity over area) $$

f Stundards and Technology
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Laser sheet particle tracking

*Field model validation

®Sprinkler drop size and velocity

®Entrained air flow velocity

®Fire induced flows

*Non-intrusive

®2-Dimensional plane

®High spatial resolution

*Method demonstrated at

0.25mx0.25m

*Development of ability to
measure 1 m by 1 m area
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Summary

Traditional methods are adequate if good
| engineering practice followed:

* use appropriate range (magnitude, environ.)
* calibrate
 apply realistic uncertainties

Optical methods have significant limitations:

* time response vs. velocity vs. seed particle number
density (LDA and PDPA)

* particle size and shape (gas vs. droplet velocity)

* area vs. particle number, size and $ (PIV)
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Flow measurement challenges

1. Air flow through openings in fire room:
total area simultaneously
resolved to 10 cm?
<1 s time response
2 components of velocity

2. Air entrainment into fire (same requirements)
3. Near-field in plume (same requirements)

4. Transient discharge of flashing suppressant

National Institute of Standards and Technology
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Focus research on:

* Developing/optimizing particle seeding
* Increasing area coverage

 Hardening optical methods and streamlining
operation

* Developing appropriate controlled experiments
to validate sub-models for simulations
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